Background: Use of inhaled corticosteroids (ICS) increases the risk of pneumonia in chronic obstructive pulmonary disease (COPD), but the magnitude of risk with different ICS remains unclear.
Plain english summary
People with chronic obstructive pulmonary disease (COPD) who take inhaled corticosteroids (ICS) have a higher risk of pneumonia than those who don't. However, it is not clear how big this risk is.
To help answer this question, we looked at findings from UPLIFT®, a large study of patients with COPD. We assessed whether ICS use affected pneumonia risk, and whether different types of ICS (fluticasone propionate or other types of ICS) had different effects. Unlike past investigations, we only included people who remained on the same type of ICS for the whole study, and compared these carefully to people who didn't take any ICS but were otherwise similar. Therefore, any change in the risk of pneumonia was likely due to the ICS treatment rather than other potential effects, such as differences in disease severity between patients.
The results suggest that people taking fluticasone propionate have roughly 33% greater risk of pneumonia compared with those not taking ICS. They also have a 28% greater risk compared with people taking other ICS.
Overall, this study agrees with the results of other studies, and suggests that fluticasone propionate increases the risk of pneumonia compared with other ICS or no ICS in people with COPD. This is important because many people with COPD use fluticasone propionate. This study can help doctors to decide on the most appropriate treatment for people with COPD who are at risk of pneumonia.
Background
Inhaled corticosteroids (ICS) are widely used for the treatment of chronic obstructive pulmonary disease (COPD) [1] . The Global Initiative for Chronic Obstructive Lung Disease (GOLD) report currently positions ICS in combination with bronchodilators as a second-line option to reduce exacerbation rates in patients in GOLD groups C and D who have experienced frequent exacerbations [2] . Despite this, it has been estimated that more than 70% of patients with COPD are treated with high doses of ICS, including those at low risk of exacerbations [3] .
Recent randomized controlled trials suggest that ICS can be discontinued in some patients with stable COPD for whom ICS treatment may not be indicated without compromising safety and efficacy [4] . Moreover, the therapeutic benefits of widespread use of ICS remain controversial [3, [5] [6] [7] [8] [9] [10] [11] . High doses potentially result in systemic effects that could lead to glaucoma, cataracts, adrenal suppression, osteoporosis, bone fractures, skin bruising, and diabetes mellitus [4, 7, 8, [12] [13] [14] [15] [16] .
While evidence for some of these adverse effects is weak, there is strong support (mainly from large clinical trials, population-based studies, and systematic reviews) for a significant increase in the risk of pneumonia in patients with COPD prescribed ICS (alone or in combination) [5, 6, 12, [17] [18] [19] [20] [21] [22] [23] [24] . Published data in trials of up to 3 years in duration have shown an increased risk of pneumonia associated with ICS therapy in patients with COPD [19, 24, 25] . In light of this increased risk, it has been suggested that the use of ICS therapy should be restricted to the minority of patients with COPD who are likely to be particularly responsive to ICS therapy and in whom the benefits of treatment outweigh the risks [4] . Several studies suggest that the magnitude of pneumonia risk varies between types of ICS, with the greatest risk associated with fluticasone propionate (FP) [5, 6, 18, 22, 26] . However, there is conflicting evidence regarding the risk of pneumonia associated with different types of ICS, and this adds complexity when making treatment decisions [22, 27] .
Interpretation of the clinical significance of many of the previous analyses of pneumonia risk in COPD is limited by the fact that they are from short-term studies [12] or that they only record the type of ICS use at baseline [28] , and thus do not provide information on patients who remain on ICS in the long term. However, these issues can be overcome in subgroup analyses of the 4-year Understanding Potential Long-term Impacts on Function with Tiotropium (UPLIFT®) study, which permitted inhaled ICS use during both the run-in and treatment periods [29] .
The UPLIFT® study included a large population of patients with COPD over 4 years [29] . Reflecting a close-to-real-life scenario, the patients were permitted to continue using respiratory medications, with the exception of other anticholinergics. This provides a large data set, in which we can investigate the effects of different types of ICS and their prescribing patterns, and how this relates to pneumonia outcomes. The initial study results showed similar overall risk of pneumonia during treatment with tiotropium 18 μg and placebo (risk 14.5% and 13.9%, respectively; relative risk [corrected for exposure] 0.96 [95% confidence interval (CI) 0.84, 1.10]) [29] . However, the original analysis of the study did not evaluate the risk of pneumonia in the subgroup of patients receiving concomitant ICS versus those without ICS throughout the duration of the trial, nor did it look at the individual effects of FP. A previous retrospective subgroup analysis of the UPLIFT® study data found that incidence rates of pneumonia were significantly higher in patients taking ICS, and that this increase was mainly associated with patients using FP (versus other ICS) at randomization [28] . However, this previous analysis had an uneven distribution of baseline characteristics between subgroups, which made interpretation of the results difficult.
We conducted this current post hoc analysis of the UPLIFT® study on pooled treatment groups to assess whether the risk of pneumonia in UPLIFT® differed according to the type of ICS used (FP, other ICS, and no ICS). We ran an analysis on matched subgroups of patients whom we know remained on the same ICS treatment throughout the study (permanent users), and repeated this type of analysis on the subgroups defined by baseline ICS use alone (two sensitivity analyses: FP, other ICS, and no ICS; and any ICS versus no ICS).
Methods

Study design and population
UPLIFT® was a 4-year, randomized, double-blind, placebo-controlled, parallel-group trial involving 5993 patients with moderate-to-very severe COPD, randomized to either tiotropium (n = 2987) or placebo (n = 3006) [29] . The trial evaluated the impact of tiotropium HandiHaler® 18 μg versus placebo on lung function, quality of life, exacerbations, and mortality.
Patients had a confirmed diagnosis of COPD and were aged ≥40 years, with a smoking history of ≥10 pack-years and a post-bronchodilator forced expiratory volume in 1 s (FEV 1 ) ≤70% of the predicted value and an FEV 1 ≤ 70% of forced vital capacity. Patients were excluded if they had a recent severe cardiac event or unstable COPD (exacerbation within 4 weeks), moderate or severe renal impairment, or other significant lung diseases. Pneumonia history was not assessed as an eligibility criterion for the study. Patients were permitted to use their usual background treatment for COPD (including ICS), except for other inhaled anticholinergics. Medication could be adjusted by the treating physician during the 4-year study duration; however, dose was not captured at baseline or during the study. For this analysis, the route of administration was derived from brand names and indication for use.
Full details of the UPLIFT® methodology have been published previously [29, 30] .
Post hoc analysis of pneumonia events
This post hoc analysis included ICS-treated patients matched with patients who had not received ICS during the UPLIFT® trial. Pneumonia risk was derived from general adverse event reports while patients were receiving a study drug (up to and including the last day of a study drug). Treatment arms were pooled for this analysis.
A diagnosis of pneumonia was determined by investigator-reported adverse events based on evidence of typical symptoms and clinical findings, together with chest radiology (where available) and laboratory findings. A mortality adjudication committee, comprised of members external to the study sponsor and of those involved in the conduct of the trial, adjudicated all reported deaths in the UPLIFT® trial; this committee provided a consistent, systematic, and independent assessment of the primary cause of death (e.g. fatal pneumonia).
Statistical analysis
The study treatments -tiotropium and placebo -were pooled for the analyses, as there was no difference in risk of pneumonia between these treatment groups in the original analyses [31] .
For the initial analysis, patients were classified by type of ICS use during the course of the study. Patients using FP throughout the study period were classified as "permanent FP users". Patients using ICS from baseline to end of treatment (but not FP) were classified as "permanent users of other ICS" (mostly budesonide or beclomethasone). Patients in this "permanent users of other ICS" group could switch between different types of ICS, but not to FP or no ICS; 684 out of the 825 patients (82.9%) in this group did not switch to nor added another ICS. Those patients not taking any ICS during the course of the study were classified as "permanent no ICS users".
A secondary sensitivity analysis was carried out on subgroups defined by type of ICS use at baseline (FP, other ICS, or no ICS); a third analysis investigated ICS use (all types) versus no ICS use at baseline. Furthermore, the number of pneumonia events was also analyzed according to the type of ICS use (FP, other ICS, or no ICS) reported at the last clinic visit before the first pneumonia event. All the patients in these latter analyses did not necessarily receive this background treatment regimen for the entire duration of the trial.
In order to minimize potential bias caused by differences in baseline characteristics between subgroups, patients were matched in a 1:1:1 ratio using the following baseline features: race, age (± 5 years), FEV 1 % predicted (± 5% predicted), GOLD stage, emphysema diagnosis, and antibiotic usage during the year prior to study start. The triplets of patients were generated randomly until no further matched triplets could be identified. Further matching processes were conducted for use of FP, other ICS or no ICS use at study baseline, and for ICS use versus no ICS use (secondary analyses).
For all analyses, Cox regression with matching factors as covariates was used to calculate hazard ratios (HR) and 95% CIs comparing time to first pneumonia, pneumonia requiring hospitalization, and pneumonia resulting in death between the matched subgroups. Annual rates, rate ratios (RR), and respective 95% CIs were calculated for pneumonia events and hospitalizations due to pneumonia using a Poisson regression model with matching factors as covariates.
Results
Analysis populations
Of the 5993 trial participants in the UPLIFT® study, a total of 3700 (61.7%) patients were receiving ICS at baseline. The first analyses of the matched subgroups of permanent users comprised 2475 patients (825 permanent FP users, 825 permanent users of other ICS, and 825 no ICS users). In the second analyses, which evaluated patients by type of ICS use at baseline, 4002 patients were matched, with 1334 patients per subgroup (FP, other ICS, and no ICS). Finally, 3948 patients were included in the analysis of any ICS versus no ICS use at baseline, with 1974 in each matched subgroup.
The demographic and baseline characteristics of the first two sets of matched subgroups -permanent users and users at baseline -are shown in Table 1 . Corresponding data for the third analyses (patients receiving ICS versus no ICS at baseline) are provided in the data supplement (Additional file 1: Table S1 ). Baseline characteristics of the subgroups, including weight, height, and body mass index (BMI), were generally similar. The average age was approximately 65 years among the patients, and three-quarters of participants were male. Patients were mostly overweight (BMI > 25 kg/m 2 ) and approximately one-third were current smokers. There was a higher proportion of current smokers in the permanent and baseline no-ICS groups than in the other groups. Over half of the patients had severe (GOLD Stage III) or very severe (GOLD Stage IV) COPD. There was also a lower proportion of patients receiving anticholinergics at baseline in the permanent and baseline no-ICS groups than in the other groups.
Risk of pneumonia Permanent-user analysis
The results of the first analysis show that the time to first pneumonia was shorter and the rate of pneumonia (per patient-year) was greater in permanent users of FP compared with no ICS (HR Fig. 1a ). The risk of hospitalized pneumonia, based on time to first pneumonia hospitalization, was also greater in permanent users of FP treatment compared with other ICS and no ICS (Fig. 2) . A numerically higher proportion of permanent FP users was hospitalized with pneumonia events (7.9%) compared with patients treated with no ICS (5.9%) or other ICS (6.7%; Table 2 ). Based on small patient numbers, a numerically higher proportion of patients receiving other ICS (n = 13, 1.58%) had fatal pneumonia events than those receiving no ICS (n = 9, 1.09%) or users of FP (n = 7, 0.85%) ( Table 2) . Table 3 ; Fig. 1b) (Table 3) . Only minor differences were observed between pneumonia events in patients on other ICS and those on no ICS (Table 3 ; Fig. 1b) .
A higher proportion of patients treated with FP at baseline was hospitalized with pneumonia events (10.5%) compared with patients receiving no ICS (7.5%) or on other ICS (8.5%) at baseline. (Table 3) . However, based on small patient numbers, numerically more patients receiving other ICS at baseline (n = 18, 1.35%) had fatal pneumonia events than those receiving no ICS (n = 15, 1.12%) or FP (n = 8, 0.60%) at baseline (Table 3) .
ICS therapy proximate to the first pneumonia event (last visit before event)
As the UPLIFT® study allowed changes in the concomitant therapy of the patients, pneumonia events were also analyzed according to the type of ICS use (FP, other ICS, or no ICS) reported at the last clinic visit before the first pneumonia event. Table 4 shows the percentage of patients with a first pneumonia or hospitalized/fatal pneumonia event who received FP, other ICS, or no ICS at baseline, and also describes the percentage who were on these treatments at the last visit before the event occurred. All patients switching In this analysis, 23 patients treated permanently with FP received the treatment for non-pulmonary (mostly nasal) indication only; three of these patients had a pneumonia event during the study. In the subgroup permanently treated with other ICS, these numbers were 10 and 3, respectively treatments prior to the event, as well as those who had no pneumonia event and switched at any time during the study, were counted in each respective group, thereby increasing the denominator compared with the patients in the baseline analysis so that all percentages are lower. Taking switches into account did not result in important changes in the overall results. The relative pattern of the frequency of pneumonia and hospitalized pneumonia events according to treatment was maintained (Table 4) .
Matched-pairs analysis by any ICS versus no ICS use at baseline
Analyses based on patients treated with all types of ICS versus no ICS at baseline are reported in the data # 32 patients treated with FP at baseline received this treatment for non-pulmonary (mostly nasal) indication only; four of these patients had a pneumonia event during the study. In the "other ICS" group, these numbers were 43 and 11, respectively supplement (Additional file 1: Table S2, Figure S1 ). In summary, the risk of pneumonia events was 
Discussion
Despite recommendations for the use of ICS in combination with long-acting bronchodilators for the management of patients with frequent exacerbations [32] , uncertainties about the efficacy and potential side effects of ICS therapies have led to concerns regarding their use [4] . In this post hoc analysis of the 4-year UPLIFT® trial, we assessed whether ICS use, and particularly FP, when taken long-term in the treatment of COPD was associated with a higher risk of pneumonia. Our findings indicate that long-term use of FP was associated with a 48% increased rate of pneumonia compared with other types of ICS, and a 58% increased risk compared with no ICS treatment. In this analysis, there was no significant difference between patients who received other ICS compared with patients who received no ICS, suggesting that FP may have a stronger association with pneumonia than alternative ICS therapies. These findings were also supported by two sensitivity analyses that investigated the risk of a pneumonia event by ICS treatment at baseline, and taking switches during the study into account.
In this analysis, the risk of pneumonia (based on time to first event and annual rate) was higher in patients treated with FP compared with other ICS or no ICS, and this was consistent whether patients were receiving those treatments permanently throughout the study or at baseline. Our results add to those of a previous retrospective post hoc analysis of UPLIFT®, which concluded that FP usage was associated with excess morbidity (including risk of pneumonia and increase in COPD exacerbations) compared with other ICS or no ICS [28] . In the previous analysis, the subgroups were not matched according to their baseline characteristics and permanent users were not analyzed; therefore, our analysis makes it unlikely that differences between the ICS groups may be due to different disease severity at baseline.
An increased risk of pneumonia with FP versus other ICS or no ICS has been reported previously by other randomized studies of FP-containing regimens in COPD [5, 6, 11, 18, 20, 28] . A review of 43 randomized controlled studies of COPD treatments found that fluticasone (either alone or in combination with long-acting β 2 -agonist [LABA] therapy) increased the risk of non-fatal serious adverse pneumonia events (requiring hospital admission) compared with placebo or LABA monotherapy [6] . Furthermore, fluticasone was associated with a higher risk of any pneumonia event (including community-treated cases) compared with the ICS budesonide, with an odds ratio of 1.86 (95% CI 1.04, 3.34) [6] . A relatively high risk of pneumonia with FP therapy compared with budesonide use was also reported by a large cohort study of more than 160,000 patients with COPD over 5 years of follow-up, specifically with regard to serious events [5] . The 2-year Investigating New Standards for Prophylaxis in Reduction of Exacerbations (INSPIRE) and the 3-year Towards a Revolution in COPD Health (TORCH) trials both studied high daily doses of FP (1000 μg per day) in COPD patients [18, 20] . In INSPIRE, the HR for time to first pneumonia was 1.94 (95% CI 1.19, 3.17) for the salmeterol/FP combination (SFC) versus tiotropium [20] ; in TORCH, the HRs were 1.64 (95% CI 1.33, 2.02) for SFC versus placebo, and 1.53 (95% CI 1.24, 1.89) for FP versus placebo [18] . Additionally, in a meta-analysis of 54 randomized controlled studies including 61,551 patients with COPD, the two treatments that were shown to increase the risk of pneumonia compared with placebo were FP and SFC [22] .
More recent studies have also looked at the association of fluticasone furoate (FF) with pneumonia; this is a different salt form compared with FP, with distinct properties [33] . Data for the association of pneumonia with FF from recent large-scale studies (the Salford Lung Study, Percentages are calculated as patients with pneumonia events / patients taking treatment at any time prior to the event or, in those without event, at any time during the study N = 2799) [34] and the Study to Understand Mortality and MorbidITy in COPD [SUMMIT] , N = 16,485) [35] are difficult to interpret. The Salford Lung Study did report a trend toward a higher mean number of serious pneumonia adverse events with FF/vilanterol (FF/VI) in the subgroup of patients who had not been receiving ICS at baseline [34] . However, in patients receiving ICS at study baseline, the study was effectively comparing FF/VI versus other ICS (including FP), and showed no notable difference between the two groups. In SUMMIT, the results were also mixed, with no obvious increase in pneumonia rates for the comparison of the FF-containing arms versus placebo; however, compared with the VI arms, the rates per 100 patient-years were 3.9 for the FF/VI combination and 4.2 for FF monotherapy, compared with 2.8 for VI monotherapy [35] . A greater risk of pneumonia with FF/VI compared with VI monotherapy was also reported previously in an analysis of two 1-year studies of patients with moderate-to-very severe airflow limitation and at least one COPD exacerbation in the previous year [21] . Most recently, in the FULFIL trial, a head-to-head comparison showed that pneumonia was reported in 20/911 (2.2%) patients in the FF arm compared with 7/899 (0.8%) in the budesonide arm (p < 0.01) [36, 37] .
In a nested case-controlled study with a large cohort of 175,906 patients with COPD, current use of ICS (within the last 60 days) was associated with a significant 70% increase in the risk of being hospitalized with severe pneumonia [17] . This effect was even greater with higher doses of ICS (equivalent to 1000 μg fluticasone per day) [17] . Although the impact of particular ICS therapies was not assessed, this suggests that patients with COPD receiving ICS in general practice should be closely monitored for pneumonia events and treated promptly to avoid the need for secondary care.
In our post hoc analysis, a higher proportion of patients on FP were hospitalized with pneumonia events compared with patients treated with other ICS or no ICS, and the annual rate of hospitalization was also highest with FP. The sensitivity analysis by type of ICS use at baseline supported the higher annual rate of hospitalization with FP. This suggests that patients with COPD receiving FP may require particularly careful surveillance.
With regard to pneumonia events leading to death, the numbers with FP were somewhat smaller than with other ICS. However, the overall numbers of fatal pneumonia events in UPLIFT® are too small to adequately address this topic here.
It is unclear why patients receiving FP may be more likely to experience pneumonia (including events requiring hospitalization) relative to those receiving alternative ICS. It has been suggested that the difference between FP and budesonide is the longer retention of FP in the airways [38] . FP can persist for hours in the airway lining fluid, whereas budesonide is absorbed away within minutes. In this way, FP can suppress the immune system, enhance susceptibility to respiratory infections, and increase the load of pathogenic microbiome in the airways and lungs, leading to pneumonia in the weeks following an unresolved exacerbation [38] . Another potential explanation is due to the dosing of FP. ICS are often prescribed to patients with COPD at high doses, and the association between pneumonia and ICS use may be dose-related, with high doses of ICS having the greatest risk of pneumonia compared with low and medium doses [19, 39] . As FP is likely to be given at higher doses than other ICS, this could be one explanation for the results seen here, although other data have shown that an increased risk of pneumonia can be associated even with low doses of ICS [40] , and therefore dose may not fully explain the association with pneumonia.
It has been reported that the risk of pneumonia is increased in patients with more advanced COPD or severe airflow limitation [41] . Therefore, for the purposes of our post hoc analysis, patients were matched by baseline FEV 1 % predicted and GOLD stage, thus avoiding confounding by severity of underlying disease. Just over half of the patients included in the present analyses had severe (GOLD Stage III) to very severe (GOLD Stage IV) COPD, similar to the primary study demographic [29] . An observational study of patients hospitalized for pneumonia reported that of 4121 community-acquired pneumonia episodes, 23.9% occurred in patients with COPD, and 58% of these patients were GOLD Stage III or IV [42] . Given the likelihood of an increased risk of pneumonia with both the progression of disease and ICS use (particularly FP, as supported by the current and previously published analyses of large-scale COPD trials), physicians need to consider pneumonia as part of the risk-benefit ratio of ICS use (and in the choice of ICS) relative to disease severity prior to prescribing [7] .
This analysis of UPLIFT® has strengths and limitations. UPLIFT® provides a large data set over 4 years that enables evaluation of treatment effects on rare adverse events. Unlike other landmark trials of COPD, patients were permitted to continue using their background therapy (including ICS) and also have their treatment adapted, reflecting real-life clinical practice. Information on the type(s) of ICS was collected at baseline and throughout the study, allowing comparison of the effects of different types of ICS on pneumonia risk. Furthermore, the long study duration allowed time for potential ICS-specific side effects to manifest themselves. However, the UPLIFT® trial was not designed to study pneumonia as a specific event; therefore, it was not statistically powered to detect differences in pneumonia between the subgroups. In addition, since the dosage of FP or other ICS at baseline and at the end of treatment was not captured during the UPLIFT® study, and as dosage will vary between countries, it was not possible to evaluate the treatment dose-response. Not all of the pneumonia events during UPLIFT® were verified by chest X-ray, although patients with a hospitalization for suspected pneumonia were likely to have their diagnosis confirmed radiographically. Furthermore, due to the overlap in presentation of pneumonia and exacerbations in a primary care setting, there can be difficulties in distinguishing between these. Here, this may have led to biases, particularly as patients were not matched for previous exacerbation history in this analysis. Additionally, in this analysis, smoking status was not included in the matching baseline features, as doing so resulted in a considerably smaller sample size and there was a difference in smoking status between subgroups. There was also a greater proportion of anticholinergic users at baseline in the FP group than in the no-ICS group. A pooled safety analysis showed that tiotropium does not have a significant effect on pneumonia [31] , but if tiotropium's beneficial effect on exacerbations reduced pneumonia reporting in the FP group, this would have attenuated the apparent effect of FP on pneumonia rates. Finally, it is possible that FP treatment before the study was a marker of a patient's sensitivity to pneumonia, and this could not be balanced by matching the patients. However, it is difficult to see why this would be different for other ICS, which showed a smaller risk of pneumonia than FP.
Conclusions
This post hoc analysis of the UPLIFT® trial indicated that use of FP over 4 years was associated with an increased risk of pneumonia compared with no ICS treatment or other types of ICS. This did not appear to be confounded by factors associated with ICS treatment (such as disease severity), as a matched-subgroup analysis was conducted. In the current analysis, other ICS showed only numerical increases in pneumonia risk versus no ICS treatment.
The findings add to the existing evidence regarding pneumonia risk associated with ICS therapy and, in particular, long-term FP use in patients with COPD.
